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(54) Displacement type vacuum pump 

(57) A displacement type dry vacuum pump having 
dual shafts is disclosed. According to the present inven- 
tion, the process gas is exhausted from a processing 
chamber through three compartments, a gas admit- 
tance pump section, a central drive motor section, and a 
gas discharge pump section to resolve the performance 
problems encountered in conventional dual shaft dis- 
placement type vacuum pumps. By placing the drive 
motor section in the center, thus separating the gas 
exhaust at low pressure from the processing chamber to 
an atmospheric pressure, to carry out the exhausting 
process in two stages, a number of advantages are 
obtained- Each rotor can be made to suit the pressure 
requirements so that the low pressure side rotors are 
made to displace a higher volume of gas than the rotors 
in the higher pressure exhaust section. By placing the 
drive motor in the center of the pump, it becomes possi- 
ble to design a pump having the dual shafts supported 
only at one end, thus enabling to mount the rotors at the 
free ends of the pump which are closed with end plates 
which can be removed easily for servicing the pump 
sections. Also, the bearings are less exposed to harsh 
environments, and the exhaust gas can be flowed 
through a pipe provided in the stator section of the drive 
motor, so as to enable control of the temperature of the 
exhaust gas. Synchronous operation of the dual shaft 
pump by the magnetic coupling enables to lower power 
consumption and to extend the range of operable pres- 
sures. 
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Field of the Invention 

The present invention relates in general to vacuum 
pumps for use, for example, in semiconductor indus- 
tries, and particularly relates to a displacement type dry 
pump which can exhaust a gas from an atmospheric 
pressure, and can attain a vacuum in a range from 10' 4 
torr to several torr. 

Description of the Prior Art 

Vacuum pumps used in semiconductor industries to 
exhaust process gases from a processing chamber 
must be dry types which do not rely on the use of oil in 
their internal passages so as to maintain a clean 
processing environment. The vacuum pumps may be 
displacement pumps which have dual shafts, and the 
rotor configuration can be either a root type or a screw 
type. 

Figure 8 shows one type of screw type vacuum 
pump having dual shafts. The pump comprises a casing 
100 which houses two parallel shafts 101. 102, which 
have screw rotors 103. 104 having screw threads for 
mating with each other. One of the shaft 101 is rotated 
by a motor 105, and the rotating force is transmitted to 
the other shaft 102 through a gear 106 attached to the 
opposite end of the shaft 101. By rotating the screw 
rotors 103, 104 in synchronization in opposite directions 
with each other, a gas trapped in the space formed by 
the casing 100 and screw rotors 103, 104 is transported 
in the axial direction to be exhausted by mating screw 
threads. 

Such a pump is simple in structure and its basic 
function is to move a certain volume of gas, which is 
trapped in the casing, by the rotary action of the rotors 
103, 104, but it does not have a gas compressing func- 
tion, therefore, if the exhausting process relies only on a 
single-stage pump, it presents a problem that the power 
consumption per unit volume of discharged gas is rather 
high. 

To resolve such a difficulty, pumps of different 
exhausting capacities may be combined in such a way 
that a large capacity pump is placed on the gas admit- 
tance side (at low pressure side) and a smaller capacity 
pump on the gas discharge side (at atmospheric pres- 
sure side). In this case, a consideration may be given to 
two kinds of systems. One system is provided with a 
combination of two separate pumps which have driving 
mechanism in each pump. The other system is a combi- 
nation of two screw rotors which are attached on the 
common drive shaft 

When two different pumps are to be combined, two 
driving mechanisms are necessary and consequently 
the space and cost requirements would be high, and the 
power consumption also would be risen. It is also nec- 



essary to provide interconnecting pipes for the two 
pumps, and if the temperatures of the pipes decreases, 
reaction particles may be deposited from the process 
gases used for semiconductor processing (for example, 
5 etching, chemical vapor deposition, sputtering, and 
evaporation) on the interior walls of the pipe, requiring 
frequent system maintenance work. 

On the other hand, if two rotors are attached to one 
driving source, the two rotors must rotate at one speed, 
10 and although this configuration presents no problems 
during the steady state operation. However, when start- 
ing of exhaustion of atmospheric pressure gas from the 
processing chamber, difficulty is experienced at the low 
pressure side of the system, because of a back pres- 
is sure generated by the compression of the gas within the 
pump which is at an atmospheric pressure side. There- 
fore, a high driving power is essentially required. 
Another problem happens, if two types of pumps are 
placed on one drive shaft, the length of the rotors to pro- 
20 duce adequate pump performance would be long, then 
it is difficult to support the rotors at one end only. If the 
rotors are placed between end supporting bearings, it 
becomes laborious to service the pumps and could lead 
to poor maintainability. Also, the end bearings on the 
25 vacuum side of the pump system pose a potential con- 
tamination problem to the processing chamber, due to 
the possibility of volatile vapors from the grease back 
streaming into the processing chamber. 

so SUMMARY OF THE INVENTION 

ft is therefore an object of the present invention to 
provide a compact and efficient dry type vacuum pump 
that facilitates maintenance work, and able to be oper- 
35 ated at a low power consumption per unit volume of dis- 
charged gas. Another object of the present invention is 
to provide a dry type pump to enable to select pump 
operating parameters such as operating temperatures 
and discharge volumes, when reaction products are 
40 deposited during exhausting a process gas, or on the 
applicability of utility facilities such as cooling water. 
Such a pump would provide small compact size, long 
service life and lower energy consumption. 

According to the present invention, there is pro- 
45 vided a displacement type vacuum pump, having a pair 
of parallel drive shafts rotating in opposite directions 
within a casing, and a pair of screw rotors having screw 
threads thereon mounted on each of said drive shafts, 
said screw threads mating with each other for transport- 
50 ing and exhausting a gas trapped in a space formed by 
the casing, comprising: first pump section having a pair 
of drive shafts rotating in opposite directions within first 
casing, and a pair of screw rotors having screw threads 
thereon mounted on each of the drive shafts, the screw 
55 threads mating with each other for transporting and 
exhausting a gas trapped in the first casing; second 
pump section having a pair of drive shafts rotating in 
opposite directions within second casing, and a pair of 
screw rotors having screw threads thereon mounted on 
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each of said drive shafts, the screw threads mating with 
each other for transporting and exhausting a gas 
trapped in the second casing; and a motor section 
mounted between said first pump section and said sec- 
ond pump section for driving said pair of drive shafts of 
the first pump section and the second pump section. 

Accordingly, both screw rotors of both pump sec- 
tions can be made short length enabling a cantilever 
support. This structure of the pump makes the dual 
shaft screw type vacuum pump simple and promotes 
easy maintenance. This structure also permits support 
bearings to be placed on the inside region of the pump, 
thus minimizing volatile components in the lubricating 
grease to back stream into the vacuum side of the 
pump. Also, the bearings are placed away from the dis- 
charge side of the pump, especially from the second 
pump section, so as to keep their temperature low. 

An aspect of the present invention is to provide a 
displacement type vacuum pump that the drive shaft is 
supported by bearings mounted between the motor 
section and the pump section for supporting the screw 
rotor in a contileveler manner, according maintainability 
of the pump is improved. 

Another aspect of the present invention is to pro- 
vide a displacement type vacuum pump that the first 
pump section has an exhaust capacity which is higher 
than an exhaust capacity of the second pump section, 
accordingly, in a low pressure range of gas admittance 
pressure, the power consumption per unit volume of 
exhausted gas becomes low. 

Another aspect of the present invention is to pro- 
vide a displacement type vacuum pump that the dis- 
placement type vacuum pump does not use a 
lubricating oil for lubricating the bearings, accordingly, 
potential sources of contamination are reduced. 

Another aspect of the present invention is to pro- 
vide a displacement type vacuum pump that a pair of 
drive shafts are magnetically coupled and rotated syn- 
chronously with each other. 

Another aspect of the present invention is to pro- 
vide a displacement type vacuum pump that a gas flow 
passage is provided inside of the motor section for 
transporting an exhausted gas from the first pump sec- 
tion to the second pump section. Accordingly, the pump 
is made compact and also offers an advantage of ena- 
bling to provide heat generated in the windings to the 
gas passage. 

Another aspect of the present invention is to pro- 
vide a displacement type vacuum pump that a gas flow 
passage is provided outside of the motor section for 
transporting an exhausted gas from the first pump sec- 
tion to the second pump section. Accordingly, control of 
the temperature of the gas passage and maintenance 
work are facilitated. 

Another aspect of the present invention is to pro- 
vide a displacement type vacuum pump that a bypass 
passage is provided for relieving a pressure rise by 
directing a gas from an inlet of the second pump section 
to a gas discharge port thereof when an inlet pressure 



of the second pump section exceeds an outlet pressure 
thereof. Accordingly, when operating in a high pressure 
range of the gas admittance pressure, it enables to 
avoid increasing the internal pressure in the pump 
5 thereby enabling to reduce the required torque on the 
rotors. 

Another aspect of the present invention is to pro- 
vide a displacement type vacuum pump that a control 
means is provided therewith for reducing rotation speed 

io of the drive shafts so as to keep power consumption 
substantially constant, when pressure becomes too 
high to exceed torque ratings of the motor section. 
Accordingly, it enables to maintain the power consump- 
tion substantially constant during the startup and steady 

is state phases of the operation of the pump, and avoiding 
any problems introduced by excessive current flow 
through the windings. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 

20 from the following description when taken in conjunction 
with the accompany drawings which illustrate preferred 
embodiments of the present inventions by way of exam- 
ple. In the drawings, same or equivalent parts are 
referred to by the same reference numerals. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a horizontal cross sectional view of a 
first embodiment of the vacuum pump of the present 
30 invention. 

Figure 2 is a cross sectional view seen at a section 
along the arrow A in Figure 1 . 

Figure 3 is a block diagram of the electrical circuit of 
the vacuum pump. 
35 Figure 4 is a graph showing the torque characteris- 
tics at different degrees of vacuum generated by the 
vacuum pump. 

Figure 5 is a graph showing the exhausting velocity, 
rotation speed, the power consumption of the vacuum 
40 pump. 

Figure 6 is a schematic illustration of the operating 
range of the vacuum pump. 

Figure 7A-7D are schematic representation of 
other embodiments of the vacuum pump of the present 
45 invention. 

Figure 8 is a cross sectional view of a conventional 
screw type vacuum pump. 

DESCRIPTION OF THE PREFERRED EMBODI- 
. so MENTS 

The vacuum pump 1 comprises a pair of parallel 
shafts 2a. 2b which are disposed within a casing with 
three separate chambers provided along the longitudi- 
55 nal axis. In the center region of the pump 1 . a cylindrical 
shaped motor casing 3 houses a motor chamber 4. On 
the left (gas admittance side) and right (gas discharge 
side) of the motor chamber 4, a first pumping chamber 
7, and a second pumping chamber 8 confined by the 
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corresponding pump casings 5, 6, are disposed respec- 
tively. Between the motor chamber 4 and the pumping 
chambers 7, 8, the motorside separation rings 9, 10 are 
provided therebetween lor isolating the pumping cham- 
bers 7, 8 from the motor chamber 4. The ends of the 
pump casings 5, 6 are closed with end covers 13, 14 
having a (process) gas admittance port 1 1 or a (proc- 
ess) gas discharge port 12 provided in the central 
region. 

The shafts 2a, 2b passes through the three cham- 
bers 4, 5 and 6, as described above, and is freely rotat- 
ably supported by a pair of bearings (bail bearings) 15a, 
15b on the admittance-side and a pair of bearings (ball 
bearings) 16a, 16b on the discharge-side, installed in 
the corresponding motorside separation rings 9, 10. 
Each shaft 2a, 2b is supported at one end, in a so-called 
cantilever style, and the opposite ends are freely rotata- 
bly disposed within the pump chambers 7, 8. Each pair 
of bearings, 15a, 15b and 16a. 16b, are lubricated with 
grease, and are inserted into the bearing housings 17, 
18 which are firmly disposed in the motor-side separa- 
tion rings 9, 10 of the respective chambers. 

The detail of the motor chamber 4 will be described 
next. Magnets 20a, 20b are attached on the outer 
peripheries of each of the shafts 2a, 2b, and in this 
case, the magnets 20a. 20b is provided with alternating 
four N and S poles, as shown in Figure 2. The iron core 
stators 21a~26b surrounding the magnetic rotors 20a, 
20b are arranged so as to electrically connect at the 
plane symmetry positions of the two shafts. Thereby it is 
provided with a synchronous motor M having dual 
shafts which can rotate synchronously with each other, 
regardless of whether the motor is powered or not pow- 
ered. 

The motor M is a brushless direct current motor, 
and to operate this motor M, the a.c. supply power is 
first rectified, as shown in the block diagram of the elec- 
trical circuit given in Figure 3, and the supply of power to 
the motor windings is alternated by the switching circuit 
41 , depending on the angular position of the rotors 20a, 
20b. According to this arrangement, the two shafts 2a, 
2b can rotate in synchronization but in the opposite 
directions. 

In this embodiment, a coolant passage 27 is pro- 
vided for flowing cooling water in the interior of the 
motor casing 3, and the water supply pipe communicat- 
ing with this passage is provided with a flow regulator 
valve. Almost all of the power input into the vacuum 
pump is converted into heat generated by the pump 
motor in compressing the process gas. The torque 
required to compress the gas is dependent on the pres- 
sure difference, but the output torque of the motor is rel- 
atively independent of the rotational speed, and so, the 
heat generated by the pump corresponds to the rota- 
tional speed of the pump. Therefore, it is possible to 
control the temperature of the various sections of the 
pump to some degree by controlling the rotational 
speed and the flow rate of the cooling water. 

Next, the structure of the pumping sections 5A, 6A 



shown in Figure 1 will be described. The interior spaces 
of the pumping chambers 7, 8 of the respective shafts 
2a, 2b are occupied by screw rotors 28a, 28b and 29a, 
29b having threads 30a, 30b (in this case, trapezoidal 
s cross section) machined on their outer peripheries, and 
are attached to the shaft 2a, 2b by wedge rings 40 and 
bolts 41. The threads cut on the rotors themselves are 
coupled with each other while maintaining minute clear- 
ance therebetween, and the outer peripheries of the 
to rotors also maintain some clearance to the pump cas- 
ings 5, 6. The screw rotors 28a, 28b, 29a, 29b and the 
pump casings 5, 6 constitute a cfisplacement pump. 

The shape and size of the screw rotors 30a, 30b 
and 28a~29b for the first pump section 5A and the sec- 
75 ond pump section 6 A are determined as follows. 
Although the inter-axial distances of the shaft 2a, 2b in 
the first pump section 5 A and in the second pump sec- 
tion 6A are the same, the exhaust volume from the first 
pump section 5A is made greater by an amount per one 
so rotation than the second pump section 6A (in this case, 
4:1), by selecting the thread pitch, outer diameter and 
the root diameter appropriately. 

The gas outlet port 31 of the first pump section 5A 
and the gas inlet port 33 of the second pump section 6A 
25 are communicated with the gas transport passage 32 
provided through the interior section of the motor stator. 
As seen in Figure 2, the gas delivery passage 32 is 
located close to the motor windings 34, and is therefore 
warmed by the heat given off by the windings while it is 
30 operating. Also, a bypass passage 36 having a one-way 
valve 35 is provided between the inlet port 33 of the sec- 
ond pump section 6A and the discharge port 1 2. and the 
one-way valve 35 is set to open when the pressure in 
the gas inlet port 33 becomes higher than that in the 
35 second discharge port 12, by a certain pressure value. 

Next, the electrical control circuit (motor driver) of 
the displacement vacuum pump will be described with 
reference to the block diagram presented in Figure 3. 
The electrical control circuit comprises, a rectifying cir- 
40 cuit 40, a switching circuit 41 , a power control section 42 
for controlling the switching circuit 41, and the power 
control section 42 alternately governing the rotation 
speed reference value and the current reference value 
in accordance with the output signals from the posi- 
45 tion/rotation sensors 43 provided on the motor M and 
from the current sensor provided on the power circuit. 

In this design of the displacement pump, two sets of 
screw rotors 28a, 28b, and 29a, 29b are provided in the 
axial direction, so that the lengths of each rotor is 
so shorter than the integrated type of design used in the 
conventional dual shaft pump shown in Figure 8. Specif- 
ically, if the design requires a total of six spirals for a set 
of screw rotors, by dividing the rotors into two spirals on 
the inlet side and four spirals on the outlet side, the 
55 length of rotors on each side (i.e. vacuum side and the 
pressure side) can be shortened and yet produce a 
given degree of vacuum. The short rotors, as illustrated 
in Figure 1 , produce lesser bending moment and enable 
to suppress wobbling of the shaft ends to an allowable 
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level, even when the shafts are supported at one end 
only. 

The advantage of the cantilever type support 
design is the ease of maintenance. Because the rotors 

* 28a~29b are supported by the bearings 15a~16b only i 
at an inside end and no bearings are provided at the 
inlet or outlet side of the pump sections, the pump can 

* be serviced by simply removing the end covers 13, 14 
and wedge ring 40 and bolts 41 to take out the screw 
rotors 28a~29b. It can be seen that disassembly of the 
pump becomes simple and maintenance work is facili- 
tated. Because there are no bearings on the gas admit- 
tance side to the vacuum pump 5A, it is possible to 
prevent the volatile components contained in bearing 
lubricants such as grease to back stream into the vac- 
uum side. 

The operation of the pump will be described in the 
following. When the driving circuit of the motor M is acti- 
vated, the motor driver device supplies alternating cur- 
rent of a given frequency to the stator coil 34, and the 
rotating magnetic fields of the stator rotate the pair of 
rotors 20a, 20b. In this case, the two shafts 2a, 2b are 
magnetically coupled to rotate in opposite directions, 
thus avoiding the need to differentiate the driver side 
from the driven side required for a mechanically coupled 
pump like using gears 106 as shown in Figure 8. Conse- 
quently, the rotation of the rotors becomes smooth and 
is highly synchronized therebetween. 

The rotating shafts 2a, 2b causes the mating screw 
rotors 28a~29b in the pump sections 5A, 6A to rotate, 
thereby transporting the gas trapped in the spaces. The 
gas enters through the admittance port 11 of the pump 
section 5A, and flows into the screw rotors 28a, 28b, 
and through the gas outlet port 31 to the gas transport 
passage 32, and into the inlet port of the second pump 
6A from the gas transport passage 32, and is con- 
densed and transported through the screw rotors 29a, 
29b, and exhausted from the gas discharge port 12. 

As described earlier, the output volume from the 
first pump 5A is designed to be greater than that from 
the second pump 6A, by an amount per one rotation, 
and during the steady state operation, a relatively high 
vacuum can be achieved, without increasing the power 
consumption, even though this is a displacement vac- 
uum pump. However, during the startup period of oper- 
ation, the pressure difference in the exhaust capacities 
of the two pumps 5A, 6A causes the pressure in the gas 
transport delivery passage 32 to be raised. When the 
pressure at the inlet port of the second pump 6A 
becomes higher than the gas discharge pressure (nor- 
mally, an atmospheric pressure), the one-way valve 35 
in the bypass passage 36 opens. The gas then 
bypasses the second pump section 6A. thereby pre- 
venting the pressure to be raised beyond a pre-deter- 
mined value. Therefore, safety is assured and the 
required torque for driving the first pump section 5A is 
significantly reduced, and the power consumption is 
lowered, as shown in Figure 4. 

The power control section 42 usually controls the 
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motor M in such a way to maintain a constant rotation 
speed. However, during the startup period, a higher 
torque is necessary as mentioned above, and if the con- 
troller commands a constant speed, an output torque 
exceeding the torque rating of the motor is required. To 
avoid this phenomenon, the controller lowers the speed 
of the motor, in a operation stage close to atmospheric 
pressure range, wherein required torque exceeds the 
torque rating of the motor (refer to the curves in Figure 

5 and 6). Therefore, it becomes possible to operate the 
pump at all pressure levels under maximum torque rat- 
ings of the pump. Although it is possible to lower the 
rotation speed according to the torque requirement by 
using the basic dc motor characteristics shown in Figure 

6 directly, however in this embodiment, rotation speed is 
reduced through the supply voltage control provided by 
the power control section 42. 

Figure 4 shows a graph of the basic performance 
characteristics of the first and second pump section 5A 
and 6A, separately and in combination with or without 
the bypass passage. As shown in Figure 4, it is only 
possible to utilize the basic performance of each motor 
directly in a limited range of pressures. At a constant 
speed of rotation, the double shaft synchronous dc 
motor can produce higher torque beyond the range of 
single pumps. 

By combining two types of pumps having two differ- 
ent exhaust capacities as demonstrated in this graph, it 
is possible to handle a large differential pressure during 
its steady state operation. For example, when the pres- 
sure at the admittance port 1 1 of the first pump section 
5A is 1 0" 2 torr and the gas discharge port 12 of the sec- 
ond pump section 6A is at normal atmosphere pressure, 
the pressure at the gas outlet port 31 of the first pump 
section 5A. namely gas inlet port 33 of the second pump 
section, is in a range of a few torr. 

The required torque for the pump rotor depends on 
the differentia! pressures existing between the gas 
admittance port 1 1 and the gas discharge port 12 than 
on the rotation speed. However, the effect of the differ- 
ential pressure at the inlet/outlet of the first pump sec- 
tion 5A for the torque requirement is almost negligibly 
small, and therefore, as shown in Figure 4, the required 
torque is almost same as required torque by the second 
pump section 6A. Therefore, compared with the torque 
curves for single pump device, the required power per 
unit discharge volume to operate the double pump 
device becomes lower, the result is that the dual stage 
pump of the present invention consumes less power 
than the single stage pump as shown in Figure 8. Fur- 
thermore, because the pressure at the gas outlet port 
31 (namely, equal to gas inlet port 33 of the second 
pump section 6A) of the first pump section 5A is only a 
few torr. the temperature at the vicinity of the bearings is 
not highly raised by the effect of the gas compression. 
Therefore it allows the lubricated bearings to be oper- 
ated stably without the fear of its decomposition by the 
temperature raise thereof. 

The exhaust gas from the first pump section 5A is 
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transported to the inlet of the second pump section 6A 
through the gas transport passage 32 formed in the 
interior of the motor stator section. As seen in Figure 2, 
the gas transport passage 32 is close to the motor wind- 
ings 34, and the passage is warmed by the heat gener- 
ated in the windings. Therefore, those gases which 
produces reaction product to deposit on the internal sur- 
-face of the passage at low temperature can be handled 
by the pump without the fear of causing their decompo- 
sition. 

Also as shown in Figure 1 and Figure 2, the dis- 
placement pump is provided with a coolant passage 27 
for flowing cold water in the motor frame 3. Most of the 
power required for operating the vacuum pump is con- 
sumed in compressing the gas, and this heat appears to 
raise the temperature of the pump motor. Because the 
pump torque is relatively independent of the rotation 
speed of the screw rotors but is dependent largely of the 
pressure difference, it is possible to control the amount 
of heat generation by adjusting the rotational speed of 
the synchronous motor. Therefore, the temperatures of 
various parts of the pump can be controlled to some 
extent by regulating the rotation speed and flow rate of 
the coolant. 

These features of the pump is important especially 
for the utilization in the field of semiconductor device 
manufacturing, because the reaction products pro- 
duced in thin film vapor deposition processes and etch- 
ing processes are sublimated from vapor phase to solid 
phase depending on the temperature/pressure condi- 
tions existing in the pump. Some of the particles pro- 
duced in Ihe reaction can deposit on the interior 
surfaces of the pump rooms to cause deterioration of 
the performance of the pump. Corrosive gases, if used 
in etching processes, are passively damaging to the 
interior surface of the pump rooms, but the corrosive 
behavior are more critical depending on the tempera- 
tures existing inside the pump. 

Therefore, it is clear that, the present embodiment 
of the displacement pump enables to prolong its service 
life by allowing to select operational variables such as 
amount of coolant and rotation speed according to the 
features of the device fabrication process for which the 
pump is being used. 

One embodiment of the displacement pump of the 
present invention has been explained especially with 
reference to Figure 1 . but the application of the concept 
is not limited to this particular pump configuration. Fig- 
ure 7A through 7D shows various kinds of the embodi- 
ments of the present invention. Figure 7A is a schematic 
representation of the above-mentioned first embodi- 
ment which is corresponding to the pump structure of 
Figure 1 , and Figures 7B-7C are schematic represen- 
tations of other embodiments of the displacement 
pump. 

In Figure 7A, the drive source is a synchronous 
motor located in the motor section M having dual shafts, 
and the gas delivery passage 32 communicating the 
two pump sections 5A. 6A are located in the interior of 



the motor section. Figure 7B shows the gas passage 
32a, which is provided within an external piping 35, and 
a heater 36 may be provided as necessary to heat the 
externa! piping 35. Because it is an external connection 

5 connecting two pump sections 5A and 6A, it may be 
easily detached to facilitate maintenance work. 

In Figure 7C, the drive source is a regular single 
shaft motor M\ and a gear arrangement 37 is used to 
transmit the rotational motion of motor rVT from one shaft 

io to the other shaft 

In Figure 7D, a dual shaft synchronous motor M is 
combined with a gear arrangement 37 to further 
improve the synchronicrty. In all cases, one drive source 
is used to operate two pump sections 5A, 6A to achieve 

is a vacuum environment efficiently and at low power con- 
sumption. The screw rotors 28a-29b are supported 
only at one end, to present a simple construction and 
ease of maintenance. It should be noted that the config- 
urations shown in Figures 7C and 7D are also compati- 

20 ble with either an external or internal arrangement of the 
gas passages 32, 32a as shown in Figures 7A and 7B. 

It should also be noted that although the previous 
explanations related to vacuum operations, the embod- 
iments of the pump are equally effective when used as 

25 a compressor by having a low pressure on the gas 
admittance side and a high pressure on the gas dis- 
charge side of the pump shown in the embodiments. 
The present inventions are summarized as follows: 

30 1. The screw rotors in the dual shaft displacement 
type vacuum pump are divided into two-stages, gas 
admittance and gas discharge ports, and the driv- 
ing motor is arranged in the center section of the 
overall pump, and the rotors are attached to the free 

35 ends of each of the shafts. This configuration ena- 
bles to gain the following advantages: 

(a) The length of the rotors can be made 
shorter than those in a conventional single- 

40 stage structure, and the cantilever type support 

of the rotors facilitates access to the rotors for 
maintenance. 

(b) The bearings (close to the gas admittance 
end) are distanced away from the vacuum side 

45 of the pump so that back streaming of volatile 

components in the lubricating grease is pre- 
vented. 

(c) The bearings (at both ends) are distanced 
away from the gas discharge side of the pump 

so so that the operating temperature is lowered. 

2. The discharge capacity of the intake side of the 
pump is made higher than that of the outlet side of 
the pump, so that even in the range of low exhaust- 

55 ing pressures, the power consumption per unit vol- 
ume of discharge is low. 

3. The drive motor is a synchronous d.c. motor so 
that lubricants other than for the bearings are not 
required. 
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4. The combination of a bypass passage and a one- 
way valve enables to prevent the pressure at the 
inlet to the gas discharge side of the pump not to 
exceed the pressure at the gas discharge port. 
Because of this arrangement, the present pump is 5 
able to operate in a higher range of pressures, com- 
pared with a system not having this arrangement: 

(a) without increasing the internal pressure of 
the pump, and 10 

(b) without requiring a larger torque. 

5. The gas transport passage to transport exhaust 
gas from the gas admittance side to the gas dis- 
charge side of the pump is formed through the inte- 75 
rior of the motor stator so that the gas transport 
passage can be warmed by the heat of the motor 
windings. 

6. Operating temperature of the pump is controlled 

by choosing a suitable cooling medium and adjust- 20 
ing the rotation speed of the drive motor. 

7. In a pressure range exceeding the torque rating 
of the drive motor, it is possible to keep the power 
for the drive motor substantially constant by lower- 
ing the rotation speed of the drive motor. 25 

Although a certain preferred embodiment of the 
present invention has been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 30 
from the scope of the appended claims. 

According to its broadest aspect the invention 
relates to a displacement type vacuum pump, compris- 
ing: 

35 

first pump section having a pair of drive shafts rotat- 
ing in opposite directions within a first casing, 
second pump section having a pair of drive shafts 
rotating in opposite directions within a second cas- 
ing, 40 
and a motor section mounted between said first 
pump section and said second pump section. 

Claims 

45 

1 . A displacement type vacuum pump, having a pair of 
parallel drive shafts rotating in opposite directions 
within a casing, and a pair of screw rotor having 
screw threads thereon mounted on each of said 
drive shafts, said screw threads mating with each so 
other for transporting and exhausting a gas trapped 
in a space formed by said casing, comprising: 

first pump section having a pair of drive shafts 
rotating in opposite directions within first cas- 55 
ing, and a pair of screw rotors having screw 
threads thereon mounted on each of said drive 
shafts, said screw threads mating with each 
other for transporting and exhausting a gas 



trapped in said first casing; 
second pump section having a pair of drive 
shafts rotating in opposite directions within sec- 
ond casing, and a pair of screw rotors having 
screw threads thereon mounted on each of 
said drive shafts, said screw threads mating 
with each other for transporting and exhausting 
a gas trapped in said second casing; 
and a motor section mounted between said first 
pump section and said second pump section 
for driving said pair of drive shafts of said first 
pump section and said second pump section. 

2. A displacement type vacuum pump according to 
claim 1, wherein said drive shaft is supported by 
bearings mounted between said motor section and 
said pump section for supporting said screw rotor in 
a contileveler manner. 

3. A displacement type vacuum pump according to 
claim 1, wherein said first pump section has an 
exhaust capacity which is higher than an exhaust 
capacity of said second pump section. 

4. A displacement type vacuum pump according to 
claim 1 . wherein said displacement type vacuum 
pump does not use a lubricating oil for lubricating 
said bearings. 

5. A displacement type vacuum pump according to 
claim 1 , wherein said a pair of drive shafts are mag- 
netically coupled and rotated synchronously with 
each other. 

6. A displacement type vacuum pump according to 
claim 1, wherein a gas flow passage is provided 
inside of said motor section for transporting an 
exhausted gas from said first pump section to said 
second pump section. 

7. A displacement type vacuum pump according to 
claim 1, wherein a gas flow passage is provided 
outside of said motor section for transporting an 
exhausted gas from said first pump section to said 
second pump section. 

8. A displacement type vacuum pump as claimed in 
claim 1 , wherein a bypass passage is provided for 
relieving a pressure rise by directing a gas from an 
inlet of said second pump section to a gas dis- 
charge port thereof when an inlet pressure of said 
second pump section exceeds an outlet pressure 
thereof. 

9. A displacement type vacuum pump according to 
claim 1 , wherein, a control means is provided there- 
with for reducing rotation speed of said drive shaft 
so as to keep power consumption substantially con- 
stant, when pressure becomes too high to exceed 
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torque ratings of said motor section. 
10. A displacement type vacuum pump, comprising: 

first pump section having a pair of drive shafts s 
rotating in opposite directions within a f irst cas- 
ing, 

second pump section having a pair of drive 
shafts rotating in opposite directions within a 
second casing, 10 
and a motor section mounted between said first 
pump section and said second pump section. 
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(54) Displacement type vacuum pump 

(57) A displacement type dry vacuum pump having 
dual shafts is disclosed. According to the present inven- 
tion, the process gas is exhausted from a processing 
chamber through three compartments, a gas admit- 
tance pump section, a central drive motor section, and a 
gas discharge pump section to resolve the performance 
problems encountered in conventional dual shaft dis- 
placement type vacuum pumps. By placing the drive 
motor section in the center, thus separating the gas 
exhaust at low pressure from the processing chamber to 
an atmospheric pressure, to carry out the exhausting 
process in two stages, a number of advantages are 
obtained. Each rotor can be made to suit the pressure 
requirements so that the low pressure side rotors are 
made to displace a higher volume of gas than the rotors 
in the higher pressure exhaust section. By placing the 
drive motor in the center of the pump, it becomes possi- 
ble to design a pump having the dual shafts supported 
only at one end, thus enabling to mount the rotors at the 
free ends of the pump which are closed with end plates 
which can be removed easily for servicing the pump 
sections. Also, the bearings are less exposed to harsh 
environments, and the exhaust gas can be flowed 
through a pipe provided in the stator section of the drive 
motor, so as to enable control of the temperature of the 
exhaust gas. Synchronous operation of the dual shaft 
pump by the magnetic coupling enables to lower power 
consumption and to extend the range of operable pres- 
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